A facile, efficient and general synthesis of a broad range of structurally variant alkoxymethylphosphonium tetrafluoroborates (2a-e) is described. The reaction involves the triphenylphosphination of bis-alkoxy methanes in the presence of ethereal boron trifluoride at room temperature. Application of these new salts to carbon homologation of aldehydes is also studied.
Introduction
Quaternary phosphonium salts are important intermediates in organic synthesis with diverse applications [1] [2] [3] [4] [5] [6] . They can use as soluble supports [7] , ionic liquids [8] [9] [10] , ligands [11] [12] [13] , counterions [14, 15] and deep eutectic solvents (DES) [16] [17] [18] [19] . Among functionalized phosphonium salts, α-alkoxyphosphonium salts illustrate many applications, though methods for their synthesis have certain limitations [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Alkoxymethyltriphenylphosphonium tetrafluoroborates are less studied and only few methodologies have been reported such as the reaction of triphenylphosphine with α-alkoxy ethers in the presence of fluoroboric acid or tertafluoroboric acid [35, 36] . Tuckmantel et al. utilized ethereal boron trifluoride (BF 3 .OEt 2 ) for the preparation of methoxyalkylphosphonium tetrafluoroborates, majorly having electron withdrawing group (EWG) group at α-carbon to generate more electrophilic center [37] . This reaction involves long reaction time, excess of reagent and laborious purification procedure. No further investigation on using boron trifluoride (BF 3 .OEt 2 ) for the preparation of this unique class of alkoxyphosphonium salts was found in literature, though similar type of chemistry has been explored by TESOTf [38] . Therefore, we decided to reinvestigate this reaction and herein efficient and facile synthesis of a structurally variant alkoxymethylphosphonium tetrafluoroborates is reported (Scheme 1). Optimized reaction conditions were found equally effective for pri-, sec-, ter-and benzylic alkoxymethyl phosphonium salts. These tetrafluoroborates are successfully employed for carbon homologation of aldehydes, as potential alternative to their halide analogues.
3 2 Results and Discussion
To study the direct phosphination of bis-alkoxymethanes in presence of ethereal boron trifluoride; bis-butoxymethane (1a) was selected as model substrate. A series of reaction parameters were screened to optimize reaction conditions (Table 1) . Early attempts of reacting equimolar ratio of bis-butoxymethane (1a), triphenylphosphine and ethereal boron trifluoride in acetonitrile, acetone and dichloromethane were not very encouraging at different temperatures (Table 1 , entries 1-6). However, when reaction mixture was stirred in toluene at room temperature, desired phosphonium salt was obtained in 46% yield (Table 1 , entry 7).
Yield was further improved to 85% by increasing the amount of BF 3 -OEt 2 up to 1.5 equiv (Table 1, entry 9). We observed that required salt appeared immediately on complete addition of boron trifluoride solution, which can be easily purified by recrystallisation with THF. On further excess of BF 3 .OEt 2 and longer reaction time lead to sticky material which was difficult to purify as found in earlier report [11] . Reaction was also attempted under solvent free conditions where required salt (2a) was initially obtained in 32% yield which was improved to 54% on using 3 equiv of boron trifluoride (Table 1 , entry 10-11). Specimen NMR spectra of n-butoxymethyl triphenylphosphonium tetrafluoroborate (2a) are given in Fig. 1 . The characteristic peak for O-CH 2 -P linkage at 5.38 ppm in 1 H-NMR is clear evidence for the successful preparation of butoxymethyl phosphonium salt (2a).
To study the substrate scope, structurally variant bisalkoxymethanes (1b-e) were synthesized by reported method [39, 40] . The optimized reaction conditions were found equally effective for primary, secondary and even tertiary alkoxy groups (Table 2) .
When optimized reaction conditions were employed on acetal (1b) of optically pure (S)-2-butanol, corresponding chiral salt (2b) was obtained in 80% yield with retention in configuration (Table 2 ). Reaction was also efficient for bis-benzoxy methane (1d), where the benzoxymethylphosphonium tetrafluoroborate (2d) was obtained in 86% yield (Table 2) . Similarly, phosphination of acetal from tertiary butanol (1c) provided phosphonium tetrafluoroborate (2c) in 85% yield Scheme 1 Synthesis of alkoxymethyl phosphonium tetrafluoroborates 2a-e ( Table 2) . Acetal from chiral monoterpene (+)-menthol (1e) also provided chiral phosphonium tetrafluoroborate (2e) in good yield (82%) ( Table 2 ). Alkoxymethylphosphonium tetrafluoroborates synthesized in current studies can be valuable alternative to their halide analogues, which have certain limitations of tedious methodology, long reaction time and toxic intermediate as well as side products [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] 41] . Moreover, these salts are relatively more stable due to presence of nonnucleophilic tetrafluoroborate ( − BF 4 ) counterion. Possibility of these efficiently prepared salts to carbon homologation of aldehydes is also explored. For the purpose, cost effective and easily prepared n-butoxymethylphosphonium salt 2a in presence of n-BuLi, was reacted with benzaldehyde and to our delight, required 2-phenylacetaldehyde was obtained in 65% yield (Table 3 , entry 1). Similarly, ethanal and propanal was successfully converted to their higher analogs (Table 3 , entry 4 and 7) in good yield (70-72%). Other phosphonium tetrafluoroborates 2c and 2d were found equally efficient (Table 3) . Results indicated that this methodology of carbon homologation by alkoxymethylphosphonium tetrafluoroborates can be employed easily through any available alcohol in lab.
Experimental

General
All experiments were carried out under standard Schlenk technique with oven dried glassware and magnetic stirring.
All chemicals were obtained from Merck, sigma aldrich and Alfa Aesar. All solvents were freshly dried and distilled before use. IR spectra were determined by PerkinElmer Paragon 1000 (thin film) or on a Perkin-Elmer BXII spectrometer (neat). Bruker Avance NMR spectrometer of 300, 400 and 500 MHz were used for 1 H, 13 C and 31 P NMR spectra. Optical rotation was measured on Polarimeter 
General Method for Synthesis of Alkoxymethyltriphenylphosphonium Tetrafluoroborates (2a-e)
A sealable tube was charged with triphenylphosphine (10 mmol), bis-alkoxy methane 1 (10 mmol) and toluene (5 mL). Reaction mixture was kept for stirring at room temperature and borontrifluoride diethyletherate (15 mmol) was added drop-wise. Precipitates of triphenylphosphonium tetrafluoroborates (2) appeared immediately which were further purified by recrystallization in THF. ,2R) 19 (1H, m, CH), 0.95-0.91 (1H, m, CH 
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General Method for Carbon Homologation of Aldehydes
Alkoxymethyltriphenylphosphonium tetrafluoroborates 2 (0.15 mmol) was taken in dry THF (5 mL). n-BuLi (0.15 mmol, 1.6 M in hexane) were added dropwise and stirred at − 78 °C for an hour. Appearance of red color of phosphorane indicated the successful metalation of phosphonium salts, which was disappeared by drop-wise addition of aldehyde solution (0.12 mmol in THF). The reaction mixture was further kept for stirring at 5 °C. Progress of the reaction was monitored by TLC and acidic hydrolysis was carried out after 2 h. Crude product was extracted with ethyl acetate (10 mL × 2), combined extract was dried over Na 2 SO 4 , concentrated and purified on preparative TLC (silica gel) to obtain required higher analogue of aldehydes.
Conclusion
In conclusion, generalized and optimized reaction conditions are developed for preparation of structurally variant alkoxymethylphosphonium tetrafluoroborates. Optimized reaction conditions were found equally effective for pri, sec, ter and benzylic alkoxy groups. These efficiently prepared salts are successfully employed in carbon homologation of aldehydes as potential alternative to their chloride analogues. Further studies on exploring properties and applications of these alkoxymethylphosphonium tetrafluoroborates are under way in our laboratory.
